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FOREWORD

This report was prepared by the Martin Marietta
Corporation under Contract NAS 9-9336, "Final Analysis/
Design and Prototype Construction of a Selected Mobi-
lity and Restraint Device," for the Manned Spacecraft
Center of the National Aeronautics and Space Adminis-
tration. The work was administered under the techni-
cal direction of the Spacecraft Integration Office of
the Manned Spacecraft Center with Mr. Maynard C. Dalton
acting as the Technical Monitor. This report summarizes
the effort performed during the period of this contract.
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I. INTRODUCTION

Since the duration of space flights will be lengthened in the
near future, additional spacecraft volume will be required to
accommodate the equipment needed to support such a mission. The
larger volume spacecraft will require a mobility and restraint
device to aid the crewman in performing his zero-gravity tasks
and experiments. This mobility and restraint device must be de-
slgned to offer the crewman as much or as little restraint as
deemed necessary. In addition to being simple and compact, the
device should provide a simple interface with the user.

The mobility and restraint device developed, designed, fab-
ricated, and tested at the Martin Marletta Corporation during
this contract offers all the above advantages. The device is
known as the "'shuffler" and is a shoe that slips on as primary
footwear, Permanent magnets are embedded in the ball and heel
areas of the sole and sized to meet attractive force requirements.

Magnetic attraction has been used previously as a mobility
device, but its use has been more or less confined to an earth-
oriented gate. The shuffling technique, as the name implies, de-
viates significantly from previous concepts. Here, both feet
remain in continuous contact with the ferrous surface to assure
continuous stability. A low coefficient of friction material is
placed in the ball area of the foot and a high coefficient of
friction material is placed in the heel and toe areas. The
shuffling movement is facilitated by the permanent magnet in the
ball area of the foot., The magnet has sufficient strength to
maintain contact, but is not strong enough to impede the sliding
motion required for this mode of transportation. The pushing
force for shuffling originates from the heel area of the foot,

The shufflers can greatly assist in equipment monitoring and
making adjustments. The wearer can operate essentially in an
earth-like condition. Once the shufflers are in place, they may
function in a similar manner to floor-mounted restraints or '"Dutch
Shoes''; body twisting, bending, and stretching are readily acco-
modated. If adjustment must be made outside of the man's reach
while in a fixed position, simple short shuffling movements can
easily reposition the body.

Another major use of the shufflers could be in transporting
bulky or high inertia equipment. In cases when only the indi-
vidual is involved, a free=-fly or swimming mode can be used, The
shoes are so conceived as to facilitate easy separation from the
floor for this mode.
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II. STUDY SCOPE AND OBJECTIVE

The objective of this contract was to provide the final ana-
lysis, detailed design drawings, and final design documentation
for mobility and restraint footwear known as '"shufflers." Once
the design of the shuffler became final, two pairs of prototype
footwear were fabricated for testing in neutral buoyancy tanks
and parabolic aircraft flights where a zero-gravity environment
can be approached. The intended end use of the shuffler is to
make astronauts more stable while transporting objects and per-~
forming other necessary maintenance tasks in space.

The concept required the use of embedded permanent magnets.
Since a ferrous surface is required in conjunction with the per-
manent magnets, the study also required the analysis and documen-
tation of the lightest weight floor consistent with the required
holding forces for the varlous proposed crew tasks,

In achieving the objectives, the scope of the study included
examination of holding forces involved during performance of crew
tasks; performing a magnetic analysis to ensure that the required
forces could be obtained; determination of the permanent magnet
specifications and the floor specifications; construction and
testing of engineering evaluation models; comparison of test re-
sults with analytical results; material study; and preparation of
detailed design drawings.

ITI. RELATIONSHIP TO OTHER NASA EFFORTS

The mobility and restraint footwear developed and designed
during this contract could prove to be the solution to NASA's
mobility and restraint problems for future large volume space
stations. This concept provides the future space crew with a
mobility and restraint aid for use in zero gravity as they per-
form their required tasks. The concept is a very simple one.

The footwear worn by the crewmen leave his hands free. There

are no adjustments to be made and no bulky equipment that imposes
a limitation on the degree of travel. The footwear is so con-
ceived that once restraint is no longer needed, separation from
the floor is easily accomplished. 1In addition, this concept pro-
vides the user with as much or as little restraint as he deems
necessary. In other words, upon finishing a task in one work
area, he could move to another area without having to remove him-
self from the restraint device.
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Assuming that this is an acceptable concept for restraint,
other types of restraint design such as toe holds, hand rails,
etc, could be greatly reduced on future space stations. The floor
design in the required restraint areas would be affected.

IV. METHOD OF APPROACH AND PRINCIPAL ASSUMPTIONS

Immediately following contract go-ahead, a detailed study
plan was submitted to provide an outline for the final analysis,
design, documentation, and prototype fabrication of the mobility
and restraint footwear (shuffler). The study approach consisted
of analysis, fabrication of several engineering evaluation models,
evaluation testing, and preparation of engineering drawings and
the floor specification,

An investigation was started to determine the activities
with which an astronaut could be involved when using shufflers.
The motions analyzed and assumptions for each are listed below:

1) Shuffling - An astronaut could shuffle at an average
pace of 1 ft/sec;

2) Passing a package - An astronaut will pass a standard
package with a maximum mass of 150 1b from shoulder level;

3) Receiving a package = An astronaut will receive a stan-
dard package with a maximum mass of 150 1b no lower than
his center of gravity;

4) Body reposition - An astronaut could take two steps and
rotate his body 90 deg in 2 sec;

5) Body rotation - An astronaut could rotate his body 90
deg in 2 sec while his feet are stationary. (The moment
of inertia associated with such a movement would be half
the value of the one used if his entire body rotated);

6) Tugging on a package - No assumptions;
7) Operating an instrument panel - No assumptions.

Assumptions used in the analysis of the above motions were based
on simlilar movements performed in a one-gravity environment. The
results of the zero-gravity simulation tests indicate that the
assumptions made were correct and the shuffler concept was work-
able and practical.
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V. BASIC DATA GENERATED AND SIGNIFICANT RESULTS

A force analysis and a magnetic analysis were used to analyze
the shuffler. The force analysis was prepared on motion by an
astronaut in a zero-gravity environment as various tasks were per-
formed using the shufflers. Both static and dynamic conditions
were analyzed as the astronaut pushed, passed, or tugged equipment.
A summary of the results of the force analysis is shown in the
following tabulation. It shows the maximum attractive force re-
quired per shuffler to be 13,6 1b when passing a package. It should
be stressed that these forces are the minimum required for stability.

Maximum Reactive Maximum Attractive
Horizontal Force Force Required
Task Required (1b) (1b)
Shuffling 1.71 6.0
Passing Package 2.62 13.6
Receiving Package 3.97 13.6
Body Reposition 3.91 5.4
Body Rotation 1.77 2.4
Operation of Inst-
rument Panel 2.5 12.7

The magnetic analysis produced the design of a magnetic
circuit that would produce the forces necessary to perform the
above activities. An Indox V permanent magnet assembly was cho-
sen for use in the shufflers because of its physical size and
large pull characteristics. These assemblies are commercially
available from Bunting Magnetics in Chicago and will be used in
conjunction with a 30-mil smooth ferrous surface. The distributed
attractive force will be approximately 8 1b in the ball area of
the shuffler and 15 1b in the heel area., This introduces an ample
safety factor and gives the user increased stability as shown in
the final report. A supplementary floor specification has been
produced in addition to the final report for a more detailed
introduction to floor design.
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Several engineering evaluation models were constructed and
tested by design engineers in simulated zero gravity. Neutral
buoyancy tanks in Denver and the six-degree-of-freedom simulator
MSFC in Huntsville were used. The results confirmed the analyti-
cal work and showed the shuffler to be a workable concept. The
tests also acquainted the design engineers with configuration de-
sign requirements that were incorporated in the final design.
They are as follows:

1) The shuffler sole must be flexible to permit correct
" orientation of the magnet assemblies;

2) The magnet assembly in the ball area of the foot must
float or remain flexible within the shuffler to allow
constant contact while shuffling;

3) A closed toe cap is necessary to permit lifting in the
toe area of the foot while shuffling;

4) A restraint strap is necessary to lift the heel magnet
from the ferrous surface;

5) Because of wear the Teflon surface covering the magnet
in the ball area of the foot must be replaceable;

6) D-ring fasteners are preferred over buckles, snaps, or
velcro for use on the restraint straps.

There is a wear problem associated with the teflon covering
of the front magnet assembly. This introduces the maintenance
problem of replacing the worn teflon surfaces. We investigated
other methods of applying a low coefficient of friction surface
to the magnet assembly but because of the limitation on time and
cost, the teflon covering was retained,

Films showing the testing of shufflers at a neutral buoyancy
tank in Denver and the six-degree-of=-freedom simulator in Hunts-
ville are available from Maynard Dalton, Technical Monitor at MSC,
Houston, or Arthur Rosener, Program Manager at Martin Marietta
Corporation, Denver.

Two final prototype shufflers were constructed, incorporating
the results of the analysis and testing. They are compatible with
spacecraft environment and neutral buoyancy test tank waters, and
are designed as primary footwear with a nominal size of 9D. Detiailed
design drawings (Fig. 1) have been made of the final shuffler design
and are incorporated into the final report of the study (MCR-69-507).
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The final written report presents the results of our study to-
gether with specific recommendations concerning the use of the
shufflers, supporting data, calculations and other information
necessary to substantiate this study. The drawings and final
report are deliverable items under this contract.

VI. STUDY LIMITATIONS

There were certaln study limitations in the area of design
itself and the testing that follows. The final configuration of
the mobility and restraint footwear was limited in the area of
analysis, testing, and the evaluation models produced. Seven
motions were considered as related to crewmen's work tasks and
activities in a large workshop area, The maximum forces and
torques assumed with these motions are shown in the following
tabulation.

Task Design Resistance
Shuffling 1.71 1b
Passing Package 2,62 1b
Receiving Package 3.97 1b
Tugging 6.50 1b
Operating Instrument Panel

Pushbutton 2.5 1b

Rotary Selector 6.0 in.-1b
Lower Body Reposition 3.91 1b
Upper Body Reposition 1.77 1b

It is entirely conceivable that a crew member could easily sur-
pass these resistances. The values were derived from reasonable
assumptions in a one-gravity environment and various applicable
documents.

The testing results were very Informative and exceeded all
expectations. However, the results were limited by the simulated




MCR-69-513

zero gravity in neutral buoyancy test tanks and the six-degree-
of~greedom zero-gravity simulator. The duplication of the exact
analytical movements was difficult and could only be accomplished
in a true zero=-gravity environment.

The evaluation models produced were different from the final
shuffler model, but they did play an important part in the design
of the final prototype. The final design has not been tested in
simulated zero gravity, but should give better results than any
of the evaluation models.,

VII. CONCLUSIONS AND RECOMMENDATIONS FOR RESEARCH

The wear problem associated with the teflon covering on the
front magnet assembly indicates that further work in this area
should be accomplished. We have investigated armalon covering,
teflon spray, and potting the permanent magnet assembly in Teflon.
The armalon covering was quickly worn through during testing and
was rejected because teflon had better wear characteristics.
Teflon spray was rejected because we could not obtain as durable
a coating as desired. Potting the magnet assembly in teflon intro-
duced another problem. Because of the curing process involved
with such an operation, the magnet assembly would have to be
remagnetized. We feel that with development, the most promising
solution would be the teflon spray.

It should be noted that the shufflers fabricated during this
contract have been designed as primary footwear. In actual flight
.usage, the shufflers should be designed as secondary footwear,

If this were the case, a simple donning and doffing operation
could take place, eliminating the need of exchanging two pair of
primary footwear.

The use of magnetic attraction in space introduces an inter-
esting problem of weight design. Magnets and the materials that
they attract are usually made from a rather dense ferrous mate-
rial. An effort could be made to reduce the weight of the mag-
netic circuit and make the use of magnetism more practical for
spacecraft environment. The introduction of ceramic assemblies
has brought about a high attractive force and low weight charac-
teristic, but magnetic circuit design can still be improved. A
study of high permeability materials, permanent magnet design,
and magnetic circuit configuration should be considered for fur-
ther research. This could produce thinner floors and lighter
shufflers, thus providing a greater potential weight savings when
trading off between other types of restraint devices.

10
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VIII, SUGGESTED ADDITIONAL EFFORT

The results of this contractual study indicate that further
testing of the shufflers in a zero-gravity condition is warranted.
This testing should be accomplished first on parabolic flights
of the KC-135 aircraft, If the concept continues to look prom-
ising, a shuffler package should be incorporated as an experi-
ment on an early Apollo Applications Program flight. The shuf-
flers could be used in conjunction with existing scheduled ex-
periments.

The analysis has indicated that a 0.030-in. pure iron floor
will be required for use with the shufflers in their area of
operation. For the zero-gravity parabolic aircraft flights, an
18x156x0.,030-in. iron sheet could be secured to the ceiling of
the aircraft cabin. This iron sheet would weigh approximately
23,2 1b and should have structural support. If incorporated on
an early Apollo Applications flight, it would be very impractical
to completely cover the existing grid-type floor design of the
Orbital Workshop with a large piece of sheet metal. Therefore
it would be desirable to use smaller pieces that can be easily
stored or fastened in particular operational areas. Various
combinations of 2x3-ft plate, 0,030 in. thick, could be used to
provide a ferrous surface that could be used while performing
existing planned experiments. Experiments could be performed
with and without the shufflers.

We recommend that six separate pleces of the above dimension
floor be incorporated into an experiment package for use in the
workshop., This would enable an astronaut to have two 3x4-ft work
areas connected by a 6-ft walkway. Also, by aligning the floor
pleces in a straight line, an astronaut could exercise the shuf-
fling mode over a distance of 18 ft,

The workshop floor will consist of structural members sand-
wiched between two grid networks. The grid network will be 4 in.
thick and will have a uniform grid pattern throughout the floor
area, This uniform pattern will allow the metal sheets to be
used In nearly any orlentation desired.

Since the flat sheets must remain fairly flexible as far as
location is concerned, they need not be attached permanently.
The grid-type floor could be attached in several ways. Some
possibilities are magnets, spring clips, or clamps. They must
leave the metal sheet relatively free from discontinuities on
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its surface, however,; so the astronaut could move about without
stumbling.

In addition to testing, a detailed examination of each AAP
experiment could be made to determine various usages. A detailed
‘weight tradeoff of the shufflers versus other types of restraints
could be performed.






